ABSTRACT Mass trapping to control the Chinese tortrix Cydia trasias (Meyrick) by removal of males using sex pheromone traps was evaluated in three plots of Chinese scholar-trees Sophora japonica L. in Beijing, China, in 2000. The traps, baited with 0.25 mg C. trasias synthetic sex pheromone (60% E8, E10-dodecadienyl acetate (E8, E10 Ð12:Ac) and 40% E8, E10-dodecadien-1-ol (E8, E10 Ð 12:OH), were deployed in the trapping plots at a density of one trap per two trees. The trees in all plots were planted Ϸ4.5 m apart along pedestrian paths. In the trapping plot on Zhichun Road, the mating rates of caged virgin females were reduced by 70.65% and 66.48% when compared with the control plots during the overwintering-and second-generation moth ßight-period, respectively. Population densities of hibernating larvae on tree trunks during the third generation were signiÞcantly lower than those of the overwintered generation (the third generation of the previous year). Tunneled petioles caused by Þrst-and second-generation larvae were reduced by 47Ð79% and 62Ð 81%, respectively. Bored seed pods caused by third-generation larvae were reduced by 87Ð96%. Higher initial populations in the trapping plot on North Shuangyushu Road may have led to the higher observed petiole and seed pod injuries than in the other two plots during the second and third generations. Thus, male removal using sex pheromone traps is a promising means of effectively controlling C. trasias on street-planted Chinese scholar-trees.
THE CHINESE TORTRIX Cydia trasias (Meyrick) is a signiÞcant pest on the Chinese scholar-tree, Sophora japonica L., in China (Chen and Qi 1992, Chen 1992) , and the pagoda-tree, Maackia amurensis variety Buergeri, in Japan (Enda and Yamazaki 1987) . This moth completes two to three generations per year in Beijing and is active from early May to mid October (Chen and Qi 1992, Zhang et al. 2001b ). The larvae attack both the petioles and seed pods and may cause extensive leaf drop, bare twigs, and seed pod damage. The larvae overwinter in seed pods, bark crevices and twigs (Enda and Yamazaki 1987; Chen 1992; Ding et al. 1996, pp. 32Ð34) . Standard management programs have consisted of applying organophosphorus or pyrethroid insecticides during the egg hatch period of each generation (Ding et al. 1996) . Application of these chemicals may result in increased pest tolerance to insecticides, harm to beneÞcial insects, environmental pollution, and human health hazards (Kehat et al. 1995) . Reduction of insecticide usage, particularly in cities and towns, is of great importance. The use of sex pheromones in several moth population reduction protocols has shown potential for controlling this moth, reducing the necessity for chemical control (Barclay 1996 , Chen and Qi 1996 , Zhang et al. 2001a .
The Þrst attempts at removal of male C. trasias with sex attractant traps was made in Beijing using a single component sex attractant, E8, E10-dodecadien-1-ol (E8, E10 Ð12:OH) (Chen and Qi 1996) . Later, a 2:3 two-component blend of E8, E10-dodecadien-1-ol (E8, E10 Ð12:OH) and E8, E10-dodecadienyl acetate (E8, E10 Ð12:Ac) was used for mass trapping to suppress the damage of C. trasias in one plot of Chinese scholar-trees (Zhang et al. 2001a ) with encouraging results. The objective of the study reported herein was to evaluate the potential of a male removal method (pheromone lures) to suppress the mating frequencies of females, and thereby the population density on tree trunks and damage to Chinese scholar-trees in three separate plots in Beijing during 2000.
Materials and Methods
Pheromone Lures. Pheromone lures containing a 2:3 blend of E8, E10-dodecadien-1-ol (E8, E10 Ð12: OH) and E8, E10-dodecadienyl acetate (E8, E10 Ð12: Ac) (synthesized in our laboratory, Ͼ95% pure by GC) had an initial pheromone load of 0.25 mg. Natural rubber septa were used as pheromone dispensers. The release rate of E8, E10 Ð12:Ac from the 7-d-old natural rubber septa was Ϸ260 ng/h, and was estimated as follows. The septa were aged in the laboratory at 20 Ð25ЊC, and each was suspended in a stopped, roundbottom ßask (250 ml) at 22ЊC for 6 h every other day. The ßask was washed three times with a total of 10 ml redistilled hexane. The extract was condensed under N 2 to 1 ml, and 1 l was analyzed by GC (Baker et al. 1980) . Three replications were done.
Traps. The trap type used was triangular in cross section (21 cm base, 19 cm by 19 cm), and 25 cm long ( Fig. 1A) with a removable sticky base liner (Meng et al. 1996) . The trap, made of weatherproof plastic board, has a useable life of as much as three years under Þeld conditions. A sex pheromone lure was suspended Ϸ1 cm above the sticky surface from the middle of the top edge of the trap by a piece of thin wire. Lures were replaced every 3Ð 4 wk and liners every 1Ð 4 wk, or sooner, if they became contaminated with dust or debris.
Trapping Sites. Plots along three roads (Zhichun Road, College Road, and North Shuangyushu Road) located at Zhongguancun, Beijing, were delimited as male-removal test sites. Both Zhichun Road and College Road sites were located between two rows of various buildings, and the North Shuangyushu Road site was located between two groups of residential buildings. Each site contained a mass trapping and an untreated control plot. At the Zhichun Road site, the mass trapping plot consisted of 160 trees planted in two rows of 80 trees each. Both rows were 400 m long, separated by Ϸ40 m. The control plot was located 400 m from the treated plot and consisted of 187 trees arranged similarly in two rows 480 m long, separated by a distance of Ϸ40 m. All trees were 8 Ð9 yr old and 5Ð 6 m high. At the College Road site, the mass trapping plot consisted of 256 trees planted in two rows of 128 trees each. Both rows were 640 m long, separated by Ϸ40 m. All trees were 5Ð7 yr old and 5Ð 6 m high. The control plot was located 500 m from the treated plot and consisted of 93 trees arranged similarly in two rows 260 m long, separated by a distance of Ϸ40 m. All trees were 4 Ð5 yr old and 5Ð 6 m high. At the North Shuangyushu Road site, the mass trapping plot consisted of 88 trees planted in two rows of 44 trees each, both rows were 210 m long, separated by Ϸ15 m. The control plot was located 100 m from the treated plot and consisted of 112 trees arranged similarly in two rows 280 m long, separated by a distance of Ϸ20 m. All trees were 10 Ð12 yr old and 7Ð9 m high The Chinese scholar-trees were planted in two rows, one on either side of a road. All trees were planted Ϸ4.5 m apart along a pedestrian path. In each trapping plot, one trap was hung in every other tree and Ϸ3 m from the ground on a branch that was easy to reach. Catches of male moths were recorded every 1Ð2 wk. The trapping test was conducted from 20 May (the beginning of the overwintered-generation moth ßight) to 12 October 2000, when virtually the last C. traisas ßight had ceased.
Mating Rate Tests. At the Zhichun Road site, during the peak ßight periods of overwintered-and secondgeneration moths, 40 overwintered-generation and 30 second-generation mating stations (nonsticky-liner triangle traps) were deployed in each trapping and control plot, respectively. The period of Þrst-generation moth ßight is usually rainy and unfavorable for mating rate tests. A modiÞed mating cage (Fitzpatrick and Troubridge 1993) containing a 1-d-old virgin female moth was attached inside each station with pieces of tape (Fig. 1B) . The test was performed three times each generation, and 30 Ð 40 (overwintered generation) or 20 Ð30 (second generation) virgin female moths were used in each test. Females were obtained from isolated seed pods containing overwintering larvae collected during the spring, held in individual glass tubes under natural photo-period and temperature conditions (19.0 Ð27.7ЊC, 14:10 Ð16:8 [L:D] h), and then held at 14ЊC for about 10 h before placement in the test plots. The caged virgin females were placed daily in trapping and control plots at 15:00, and they were retrieved after 24 h and dissected under a stereoscope to determine if they contained spermatophores in their spermatheca. Accordingly, the mating rates of females in the Þeld were estimated.
Estimating Population Density on Tree Trunks. At each of the plots at the end of overwintering, at Þrst-and second-generation moth eclosion, or after secondand third-generation larvae entered hibernacula, 50 trees were sampled randomly to inspect the number of larvae that had hibernated (overwintered generation and third generation) or pupated (Þrst and second generation) on the tree trunks.
Estimating Infestation. Near the end of each generation, twigs bearing compound leaves injured by the Þrst-and second-generation larvae tunneling the petiolar base, or clusters of seed pods injured by the third-generation larvae were inspected for larval injury in each plot. Seven twigs or clusters were inspected from each of the four cardinal directions and from the top of each randomly selected tree (Zhang et al. 2001b) . At the Zhichun Road site, 34 and 30 trees were sampled at each generation in the trapping and control plots, respectively. At the College Road site, 40 and 28 trees were sampled. At the North Shuangyushu Road site, 28 and 20 trees were sampled during the Þrst and second generations, and 20 and 20 trees during the third generation, respectively. Petioles and seed pods were classiÞed as either damaged or undamaged. Data, summarized for each generation, were expressed as the percentage of petioles or seed pods infested.
Statistical Analysis. Catches per generation per tree at each trapping plot and the rates of infestation, expressed as percentages, of each generation at each trapping and control plot were compared by analysis of variance (ANOVA). An independent sample t-test was performed on the freqency of mated caged females, the density of hibernating or pupating insects on tree trunks, and infestation rates of petioles and seed pods to compare trapping and control results. It was also used to compare density of hibernating insects between the overwintered generation and third generation in the trapping plots (SPSS 1999).
Results and Discussion
Sex Pheromone Trap Catches. Population density was highest at the North Shuangyushu Road site and lowest at the College Road site (Table 1) .
Caged-Female Mating. At Zhichun Road, the mating rates of caged virgin females during the peak periods of the overwintered-and second-generation moth ßights were reduced by 70.65 and 66.48%, respectively, compared with the controls (Table 2) . The results are similar to those of Meng et al. (1985) , who demonstrated that traps baited with the sex pheromone of the oriental fruit moth, Grapholitha molesta (Busck), reduced mating rates of tethered females by 74.2Ð 82.9% compared with insecticide-treated control plots when deployed at a density of 15/ha in pear orchards in Suizhong, Liaoning, China.
Hibernating or Pupating Populations on Tree Trunks. Reduction of C. trasias males by pheromone traps throughout the season could be an effective way to suppress the damage of this insect pest on streetplanted trees (Table 3) . Before the tests, the numbers of larvae hibernating on tree trunks did not differ signiÞcantly between the trapping and control plots at either the Zhichun or College Road sites. However, signiÞcant differences occurred during the second and third generations at Zhichun Road, and during the Þrst to third generations at College Road. At the North Shuangyushu Road site, although the numbers of overwintered generation larvae hibernating on tree trunks in the trapping plots were more than that in controls before the test (P Ͻ 0.05), there were no differences during the Þrst generation, and signiÞcant reductions occurred during the second generation (P Ͻ 0.01). Means within the same column followed by different letters are signiÞcantly different at P Ͻ 0.05 (SPSS one-way ANOVA:LSD). G, generation. Presumably because most males had been progressively eliminated from May to October, the hibernating populations of the third generation (in 2000) of 0.24, 0.08, and 0.36 larvae per tree trunk in the three trapping plots were 87.50% (P Ͻ 0.01), 94.29% (P Ͻ 0.01), and 52.63% (P Ͻ 0.05) less than those recorded in the overwintered generation before the trapping tests (Table 3) . These results are similar to those reported for Prays citri (Milliè re) where the yearly average number of moths in the control plot was 0.95/100 ßowers compared with 0.31/100 ßowers in the mass pheromone trapping plot (120 traps/ha) in lemon orchards in Bessor (Sternlicht et al. 1990 ). Moreover, the numbers of Þrst-and second-generation larvae pupating on tree trunks were more than that of the third generation (i.e., the overwintered generation of the next year) (Table 3 ). This phenomenon is due to larvae of the overwintered generation (or the third generation of the last year) hibernating mainly in seed pods, bark crevices, and twigs generated in the same year (Chen and Qi 1992, Chen 1992) , whereas the larvae of the Þrst and second generation had no seed pods available, and pupated mainly on tree trunks in this study.
Infestation of Petioles and Seed Pods.
Petiole and seed pod injury data indicate that mass-trapping of male moths is a promising method for protecting Chinese scholar-trees (Table 4) . When compared with the controls, the rates of tunneled petioles in trapping plots were lowered by 47Ð79% by the end of the Þrst generation, and by 62Ð 81% by the end of the secondgeneration larval injury periods. By the end of the third generation larval injury period, the rates of bored seed pods in each of the three trapping plots were reduced by 87Ð96% from those in the controls (Table  4) . When comparing the percentage of reductions (control efÞciency) of infestation at different test sites for each generation, the College Road site had the largest reduction, followed by the Zhichun Road and the North Shuangyushu Road sites (Table 4) , an order the reverse of the initial population density (Table 1) . These results are consistent with those of Madsen et al. (1976) in Okanagan Mission, British Columbia, where pheromone traps were installed at a density of Means within the same column and at the same test site followed by different letters are signiÞcantly different (P Ͻ 0.05) (one-way ANOVA, LSD).
*, ** SigniÞcant difference between trapping and control plots at P Ͻ 0.05 and 0.01, respectively (df ϭ 98) (independent sample t-test Ϸ10/ha for controlling the codling moth, C. pomonella (L.) by male removal in an isolated, 2-ha apple orchard for 3 yr. The percentage of codling moth injured fruit was reduced to 0.03, 0.53, and 0.06%, respectively, during the 3-yr tests. Similar results were obtained in Suizhong, Liaoning, China, where an experiment to suppress G. molesta by male removal was conducted for 2 yr in pear orchards (4,000 and 5,400 ha in 1981 and 1982, respectively). The rate of injured fruit was reduced by 50.3Ð72.8%, when compared with insecticide based treatment controls (Meng et al. 1985) . Codling moth control by male removal is effective only when populations are low and where isolation precludes reinfestation (Madsen et al. 1976, Madsen and Carty 1979) . Further, Huber et al. (1979) speculated that the best chance of success for large scale pheromone mass trapping of male pink bollworm moth, Pectinophora gossypiella (Saunders), would be in an area where relatively low populations were present early in the cotton growing season and in an isolated cotton growing area. In our study, both the Zhichun Road and the College Road sites are relatively isolated, the North Shuangyushu Road somewhat less so. At the Zhichun Road site, both ends of the trapping plot were at crossroads Ϸ100 and 400 m wide, respectively, after which were lines of Chinese ash, Fraxinus chinesis variety acuminata Lingelsh, and ginkgo, Gingkyo biloba L., nonhosts of C. trasias. At College Road, one end of the trapping plot was at a crossroads Ϸ70 m wide, with lines of Chinese ash on the other side. At the other end was a grade separation bridge Ϸ500 m long at the end of which was the control plot. However, at the North Shuangyushu Road site, one end of the trapping plot was only 100 m away from another Chinese scholar-tree-planted road, and the other was Ϸ100 m away from the control. Consequently, males captured throughout the season showed that the population density at North Shuangyushu Road was the highest among the three sites (Table 1 ). In addition, the age and height of the trees affected the control efÞciency of the male removal method. At the North Shuangyushu Road site, the trees were older and taller than those at the other two, and likewise the control efÞciency was less (Table 4 ). Alternatively, it is possible that mating behavior was disrupted around the pheromone-baited traps, resulting in, or contributing to, the observed reduction in petiole and seed pod damage in those plots.
A previous male removal test using sex pheromone baited traps (0.25 mg, 60% E8, E10 Ð12:Ac and 40% E8, E10 Ð12:OH) was conducted at Zhichun Road in 1999, and the results showed that this method was promising for the management of C. trasias (Zhang et al. 2001a ). To further demonstrate the efÞcacy of the method, we expanded the test to two other sites, and exchanged the trapping and control plots at Zhichun Road in 2000. The results are also signiÞcant (Table 4) .
Although the male removal method using sex pheromone baited traps is somewhat troublesome and time-consuming, it is environmentally friendly, being efÞcient, nonpoisonous, nonpolluting, and nonhazardous to the mothÕs natural enemies. Moreover, the street-planting trees are always relatively isolated from other groups of the same trees, with different species of trees planted along different streets, and with many buildings between the plantings. Thus, it is an ideal situation for successful control by mass trapping. We conclude that male removal using sex pheromone traps is a prospective means of effectively controlling C. trasias, and possibly other insect pests, in street-planting trees. Further research is required to determine the male/female ratio of adults and the percentage of egg hatching.
